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Effect of increasing digestible undegraded protein supply to dairy 
cows in late gestation on the yield and composition of milk during 
the subsequent lactation 
Abstract 
Efkcfs  offirding a yrotci~i scrpplcrno~nf fo dairy :llc(liojs iirlriur~ flrc dry pcrioii or7 pcrj1rrrli7iicr dlrrir~x f lrc~j~l loioirr~ 
lr~cfnfior~ Z J L ~ Y ~  inzlrsfigi7t(d if7 till(] ~ x p t ~ i ~ ~ z ( l i ~ f s .  H ~ I s f ( ~ i ~ ~ - F r i ~ ~ s i a ~ i  COZLIS ~ L X ' Y C  11air~7d foalards thr rrzd of Illetation, 
17~111, after dr!/ing off, oncJ of each pair rt~ct~izjed n fyl~ic~zl dry caul n~rlriagcrr~rrlf r~>girlic c?f ad libitum gunss siliz~r 
(rxpruirnr~it l ) ,  or 11 mix of grass silage 1711d disfil l~~rs'  grnir~s or i1rc.ssci1 berf l~lrlp ( e x ~ ~ r r i r n c ~ ~ t  2) .  Tlw of1ir.r coz~ls 
uJc7ue offrrr~d rrstrictrd ~ C C P ~ S  to tht, sari(' basal diet, fogefhru zuifh ad libitum accrss fo h~lrlr!~ sfraiu ntril 0.5 kg/iIay 
high pn~tcirz ~ n a i z ~  ::lufcn n l~n l .  D~lrivrg the follozuing lacfafiour, a~~iirrals frorrr both grot~ps iilertJ trr.afc.d suitholrt 
rqferrncr to dry pr'riod t r m f ~ n r ~ ~ i t ,  ar d were ofivcd e q ~ ~ n l  accrss to tlrc salnc lacfnfior~ dirt. Data mere> a~ial!ysed 11y 
ir~ralysis ofz~nrinncc c$experivricnf nlcarzs rand by parallel cc~rvc anrrlysis lrsing sample rncans. In rxperimrnf 1 ,  milk 
yields wcrr similar (27.2 v. 27.9 (s.c.d. 2.12) kg/dayfor control and s ~ ~ p p l ~ w z c ~ ~ f r d  nni7izals uespectiz~rly) h ~ l f  117ilk 
protein yiclds, and hencc7 cotzcentmfions, ulerc significaunfly higher (I' < 0.001) from supplcrne~ztcd ani~nnls (28.9 v. 
31.8 (s.tl.d. 0.58) g/kg). In exp~~uiinenf 2, milk yields were significantly higher (P < 0.001) from slrpplcrt7enfed 
nninlals ( n ~ ~ n n  33.3 v. 35.4 (s.e.d. 1.66) kg/day; however, rr~illc protcirl yiclds zijt3re also ~ i ~ p n i f i c a ~ t l y  i rcrtwstd 
(P  < 0,001) and thc. change in milk profrin c o ~ ~ c c n f m t i o r ~  runs sn7all. No ii$ferencr, in dry-matter infuktl ii~ns 
rrcorded in a subset ofa~l imals  during curly lucfntion in  experinrent 2. I f  is lrypotliesized tliaf the rrnfrrnal Iahil~ 
body protcin pool zuus wrnintainrd or r e y l e ~ ~ i s h ~ d  during the dr!y pried by fhp puozlision of fhc protein supplt~r~icnt, 
and that this had a s i~~ni f icanf  ~ lecf  on s~rbsrytrcnt lactation prrfor~imncc. 
Keywords: dainy cows, pcriod, milk production, ri71lk profeln. 
Introduction 
The nutrition of the dairy cow has a large influence 
on the yield and composition of milk she produces. 
Earlier work was very successful at manipulating 
milk fat concentration (Sutton, 1984) but current 
producer and consumer requirements demand 
increasing milk protein concentrations. Short-term 
manipulation of milk yield and composition is 
possible by altering the animal's diet (DePeters and 
Cant, 1992), although a longer-term approach to the 
manipulation of milk composition may be more 
appropriate, with management of the entire lactation 
cycle taken into consideration. 
t Present addrcss: Anirn,ll Science and Microbiology 
Ucpdrtmcnt, Institute of Grassl,ind and Environmental 
Research, Plas Gogcrdd'ln, Abcrystwvth SY23 3ER. 
During early lactation the high yielding dairy cow 
uses body fat reserves to support inilk production 
(Garnsworthy, 1988). Body fat content is perceived to 
be relatively easy to measure in the dairy cow by the 
use of condition scoring (e.g. Lowman c7t al., 1970). 
Perhaps for this reason, much work has concentrated 
on the residual effects of body fat condition, as 
affected by dry period feeding (for reviews see 
Broster, 1971; Broster and Broster, 1984). Early work 
such as that reviewed by Broster (1971) and as 
conducted by Frood and Croxton (1978), supported 
the practice of 'steaming LIP' - feeding concentrates 
during late pregnancy to increase milk yields in the 
forthcoming lactation. However, in a review of the 
more recent literature Carnsworthy (1988) found 
variable effects of condition score (CS) at calving (in 
the range 2 to 3+) on s~~bsequcnt  milk yields and 
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concluded that f,lctors other than CS alone must bc 
in\.ol\.ecl. 
The effects of yre-p'irtum energy intake and CS ,lt 
ccllving on milk protein concentration arc s n m c ~ ~ l i ~ i t  
unclear. This is partly because some ~vorkers ha1.t. 
deliberately nianipulatcd feeding to alter CS, whilst 
others have classified cows at callring. Some duthors 
have reported changes in protein concentr,ltion 
during early lactation after feeding co~vs a higher 
plane of nutrition during the dry period, with both 
increases (Fronk ct nl., 1980; Cowan iJt iil., 1981) and 
decreases (Lodge cl ill., 1975) being found. Several 
others found no change in protein concentration 
(Davenport and Rakes, 1969; Garnsworthy and 
Jones, 1987; Jaquette ct al., 1988; Jones and 
Garnsworthy, 1988; Holter ct ill., 1990). None of the 
above authors apparently took into consideration the 
effects that the c%y period treatments may have had 
on the lablle body proteln content of the 
experimental animals 
During early lactation, when body fat is lost in the 
high yielding dairy cow, the body protein content of 
the animal may also decrease (Belyea t,t al., 1978; 
Gibb ct al., 1992) and proportionately up to 0.27 of 
body protein mass may be lost under conditions of 
protein deficiency (Botts et al., 1979). It is unclear, 
however, what may occur during lactation under 
normal circumstances, although the results of 
Chilliard and Robelin (1983) suggest that body 
protein may be mobilized if dairy cows are underfed 
during early lactation. Dairy cows given 
proportionately 0.8 of recommended crude protein 
requirements during the last stages of gestation 
yielded less milk and lower milk solids than animals 
given recommended quantities (Chew ct al., 1984b). 
Similarly, rats were able to utilize labile body protein 
(accumulated on a protein-rich pre-partum diet) to 
later support lactation on a protein-free diet (Pine et 
al., 1994). Moreover, Barnes and Brown (1990) 
showed that dairy goats with a greater proportion of 
labile body protein yielded more milk and more milk 
protein than goats with a relatively small proportion 
of labile body protein. If a similar rcile for labile body 
protein occurs in dairy cows, the protein status of the 
animal in early lactation may be more important 
than it is presently considered to be. 
This study was initiated to compare the effect of 
offering nd libiturn silage with that of restricted silage, 
ad libitl~irr straw, and a protein supplement to dairy 
cows during the dry period on milk production 
during the subsequent lactation, with particular 
reference to the yield and concentration of milk 
protein. Two similar experiments were carried out, 
the first to investigate the effect of protein 
supplementation on milk production only, and the 
seconcl ~ ' i t h  more emphclsis on the. stud! ot food 
int'lkcs nnci the protein h-action:, of  milk. 
Material and methods 
Ai11/i /[z/~ irird i i r [ 1 i r i r ~ ; ~ ~ i i i ~ ~ t 1 /  
In cxperi~nents 1 ,Incl 2 respectively, 22 , ~ n d  36 
multiparous Holstcin-Friesian cows were dra~vn 
honi the Scottish Agricultural College> (SAC) 
Auchincruive herd and dried off  about 56 days prior 
to predicted c'ilving clate. Animals were paired up 
shortly before being dried off according to condition 
score dnd predicted cal\,ing date, 'ind for experiment 
2, where '~r-ailable, using their cow genetic index 
scores for milk  rotei in concentration. In both 
experiments, each group of animals was housed 
separately in cubicles and had constant access t9 
fresh water. Calvings were mandged without 
reference to dry period treatment; animals were 
removed to a straw yen just prior to parturition. 
They were milked using a 20/20 herringbone 
milking parlour twice daily, at approximately 05.00 
to 08.00 h and 14.30 to 17.00 11. 
During the second experiment, a small subset of 
animals (no. = 12) was used for intensive food intake 
and production studies at two points during the 
lactation/reproduction cycle: for 2 weeks 
approximately halfway through the dry period 
(weeks -5 to -3 of lactation) and for 2 weeks during 
early lactation (animals within weeks 5 to 12 of 
lactation). One week of each of these 2-week periods 
was used for adjustment to the buildings; the 2nd 
week was used for the collection of data. Animals 
were housed in individual stalls fitted with de  Boer 
yokes. They were offered the same diets and milked 
in sit11 at times as close as possible to those of the 
main group of animals. Due to an incorrect 
pregnancy diagnosis and illness, only nine animals 
were used during the dry period. Recovery from ill 
health and the addition of an extra pair of animals 
meant that 12 animals were used during lactation. 
Dit7ts 
Experimental dry period diets were allocated to one 
animal of each pair at random. In experiment 1, the 
control diet was grass silage offered nd libitliiw at the 
clamp face (Table 1); this meant that silage voluntary 
intakes could not be measured during the dry 
period. In experiment 2, the control diet was a mix of 
first-cut grass silage and distillers' grains or pressed 
beet pulp in the ratio of 3 : 1 (Table 1) offered ad 
l ibitun~. The experimental (supplemented) diets were 
formulated to meet metabolizable energy (ME) 
requirements (Agricult~~ral and Food Research 
Council (AFRC) 1992) using SAC advisory software 
(N.W. Offer, personal communication). They 
consisted of a restricted quantity of the same grass 
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Table 1 C'oi!~jicisi/~oi! I,/ //icz ~ ~ l i i ~ i ~ . ; / ~ i / i i , ~ c ~  i / / / ~ c ~ s  ofi!.c~il to c'oiili ii/ii.ii/,i; i7i.j!i71-///ic7!iti I i / /~ i  2 iii./!i I!/;Y O!I/I/ I I ~ ~ I ' ~ I ' L /  to ' /I.!/ ClIii" ~/III./!/:,' 
l~v~""'!!!!''!!t 2 J 
tupcrimcnt l Fuperiment 2 
gr'lss kil,ljie gr'lss silage m i u  
I?r! period L,lct,ltlon a.m. p.111. 
Dr\ matter (DM) (ji/kgj 1-4'1 2 5-4 712 252 
Organ~c mnttel (OM) (g/kg DM) 903 932 91 I 'l2h 
C r ~ ~ d e  proteln (g/kg DM) 202 1 H2 161 178 
Mctabol~zable energv (MJ/ kg DM) 10 5 11  5 111 11 3 
Neutral-dctcrgent flbre (g/kg DM) 435 369 489 
Acld detergent ttbre (g/kg DM) 26 l l 96 289 
Watrl-\olublc ca~bohpdrates (g/ kg DM) 40 2 l I '1 
A c ~ d  hydrolv\~\ ether cxtract (g/kg DM) 56 3 36 8 63 4 
111 ortuo orgdnlc matter d~ge\t~blllty (g/kg OM) 725 784 810 76 l 
L)-value (g/kg DM) (355 718 6 Y O t  (790t 
NH,-N (g/  kg tot'd N) 224 89 llht llht 
pH -45 3 7 4 2t 4 2t 
Calcium (g/kg DM) h 7 6 2 8 9 48 
Phosphoru5 (g/kg DM) 3 1 3 4 4 7 7 l 
Magnes~um (g/ kg DM) 2 5 2 5 2 4 2 1 
Sodlum (g/kg DM) 4 0 4 0 3 5 
t Sllage alone 
silage or silage mix, with a daily ration of 0.5 kg high 
protein maize gluten meal (prairie meal, 
international feed number 5-09-318) (Table 2), and ad 
libitunl access to barley straw. Straw was offered nd 
libifunl to the protein supplemented animals during 
the dry period of both experiments as a filler, since 
access to silage was available for only part of each 
day. Based on ME requirements, silage intakes over 
the dry period were predicted by the software to be 
4.0 kg silage dry matter (DM) per day and 4.1 kg 
silage mix DM per day for experiments 1 and 2 
respectively. Animals were fed on a group basis, 
with the exception of the maize gluten meal protein 
supplement, which was offered to animals 
individually by hand. 
During lactation, both groups of experimental 
animals were given the same diet. In experiment 1, 
this consisted of nd libit~lnz access to a mix of first-cut 
grass silage and distillers' grains (Supergrains; 
Borthwick, Glasgow) in the ratio of 3 : 1 on a fresh- 
matter basis (Table 1) offered at 08.00 h and 16.00 h, 
Table 2 Coinpositio!i i!f tht. concc,rltriltcs u5r.d i ~ i  tht, experiin~nts 
High protein maize 
gluten meal Parlour Beet 
concentrate blend 
Experiment: 1 2 1 and 2 2 
Dry matter (DM) (g/kg) 913 880 882 874 
Organic matter (OM) (g/kg UM) 983 9 88 894 864 
Crude protein (g/kg DM) 577 705 216 207 
Metaboli~able nergy (MJ/kg DM) 13.4 14.2 13.4 9.1 
Neutral-detergent fibre (g/kg DM) 41 .0 275 312 
Acid-detergent fibre (g/kg DM) 28.0 32.0 158 223 
Starch (g/kg DM) 212 118 151 28 
Water-soluble carbohydrates (g/kg DM) I 4 1.4 68 79 
Acid hydrolysis ether extract (g/kg DM) 85 88 6 l 74 
Irr vitro organic matter digestibility (g/kg OM) 850 853 751 657 
Potassium (g/kg DM) 2.6 1 .O 13.4 15.8 
Calcium (g/kg DM) 0.2 0.4 14.3 19.3 
Phosphorus (g/kg DM) 5-3 2.5 7.1 6.0 
M,~~nc.sium (g/kg DM) 0.6 0.6 8.8 4.2 
Sod~um (g/kg DM) 0.1 2.2 4.9 8.5 
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supplt~mrnted n~ith 3 lcg/da) mix of gro~cnd barle\./ 
5ol.a-bean mcal (2.7 : 0.3 frcssh m'itter) 'lt 13.110 h, and 
i - r l ~  concentrates (T'lblc 2) offcrcd 
,i~~torn,itlcally in eq11~11 portions at each milking at the 
steppw~i-flat rat<, of 5.hkg/ciC3y until day 100 of 
Iact,ltion, 3.2 kg/ddy from d.1ysI101 to 200 
0.8 kg jdd). thereafter. For cxptviment 2, the. winter 
diet consisted of irt l  l ih i t l l i i i  acccss to tlie samc silage/ 
distillers' gr'lins mix as offered to the dr! animals, 
supt'lcmcntcd ~ri t l i  3 kg/day mix of ground barley/ 
wrl~i te-iish mca l (2.7 : 0.3) in the aitcrnoon silage ilii X ,  
in-parlour concentrates offered at thc rate of 3.2 kg/ 
day and '111 adclitional 3 kg/dcly concei~tr~~tc b;lscd 
on sugar-beet pulp ('beet blei~cl') (Table 2) fed at 
09.00 h from dClys 0 to 1011 of lactation. After turn-out 
to pasture during both experiments, concentrates 
were given in-parlour according to yield, with 
,~nimals yielding over 30 kg/day receiving 3.2 kg/ 
day and those below 30 kg/day receiving 0.8 kg/ 
day. Since the calving dates of animals on both 
experirnents were spread over a number of weeks, 
the stage of lactation at which the animals were 
t~lrncd out to pasture differed from aiiirnal to animal; 
the effect of this was taken into account by the pre- 
experiinental pairing of animals. 
Llntn rollectiorz nnd arznlysis 
Food i f l tnkrs. During experiment 1, intakes werc 
measured only for the supplemented animals during 
the dry period on a group basis by recording the 
quantities of food offered and refused. Food intakes 
were ineasured during experimeiit 2 on a group 
basis during the dry period, and individually over a 
period of 7 days on a sample of animals during the 
dry period and during early lactation. 
Food DM content was determined by oven drying at 
10O0C, organic matter (OM) by difference after 
ashing at 500°C. Silage digestibility was determined 
by a modified version of the Tilley and Terry (1963) 
i n  v i t r o  method (Alexander, 1969); ME was estimated 
using tlie digestible organic matter in the dry matter 
multiplied by a factor of 0.16 (Thomas and 
Chamberlain, 1982). Concentrate ME was 
determined using the E3 equation of Thomas r2f nl. 
(1988) using the neutral cellulase pmanase  
digestibility (Ministry of Agriculture, Fisheries and 
Food (MAFF), 1992) and acid hydrolysis ether extract 
content (MAFF, 1992). Food starch content was 
deternlined by the method of Wainman c? 01. (1981) 
and uater-soluble cdrbohydrate content of the 
concentrates by the I uff-Schoorl method (European 
Cconorn~c Community, 1971) and of s~lage by the 
Somogyi method of McDonald and Hendcrson 
(1964) Crude proteln (CP) was deterinined by 
Kjeldahl (N X 6 25) u5lng seleiiium d~oxide as ,I 
catalyst, acicl-detergent fibre by the method of Van 
Soest ' 3 r d  Wine (1967), neutral-detergcmt ftbre bv the 
mctliod of \i<111 Sotlst i't i l l .  (19') l ) ,  ~ n d  c,llci~lm, 
p h ~ ) s ~ h ~ r ~ ~ s ,  I ~ I ; ~ I I C S ~ L I I T ~ ,  potCishit~m ,miI >ocli~tnr h y  
the metliod of Alcxcindcr 1.t 01. (lC)8.4). Ttic 
c~~~iipositioli o f  the silage inixes W,]\ cstirn,ited from 
.~i~~ilyx's ot the in&\ idual constituents. 
hl~~ii7i loI ic- f~i.c,f/ic.i. Blood scimples \I t7rc t'3kc.n troir~ the 
coccygeal essels bq venip~mcturc into two 
Vac'ut,liner t ~ ~ b e s  (Becton, L)ickinsoii ,lnd Co., 
Ruthcrford, New Jersey), each onc contninii~g 
lithium licparin ;IIILI potassiltm ox~~la tc /so~l iu~i i  
fluoride, at foc~r times during cach experiment for 
nletabolic profile analysis (Payne PI  i l l . ,  1970). Klood 
w'is ,~nalysccl tor protein, albumin, ure'l, glucosc, p- 
hydroxybutyrdtc. (ROHK), non-esterified fatty acids 
(NEFA), magnesiuin 'lnd phosphorous by tlie Dairy 
T lerd Health and Productivity Service (The Royal 
(Dick) School of Veterinary Studies, Veterinary Field 
Station, Easter Hush, Roslin). Target sanpling dates 
for experirncnt 1 were 14 days after drying off, 7 
days before predicted calving date, ancl 10 and 42 
days after actual calving date. For experiment 2, 
these were 7 days after drying off, 10 days before 
predicted calving date, 42 and h0 clays after actual 
calving. In practice, samples were collected on a 
week day nearest the target date to allow immediate 
(i.e. next day) analysis where possible. Samples were 
taken between 09.00 h and 10.00 h. If next day 
analysis was not possible, the blood was 
immediately centrifuged at 4OC for 20 to 30 min at 
about 1700 xg. Plasma was decanted into fresh tubes, 
frozen, and stored at 2 0 ° C  until it was sent for 
analysis. 
Lac tn t lo l~  dntn. Milk samples were collected from 
lactating animals at two consecutive milkings, p.m. 
and a.m., and were preserved with a Lactab milk 
preservative tablet (Thompsoii and Capper Ltd, 
Runcorn, Cheshire) and stored at 4OC until analysed. 
Samples were collected fortnightly and weekly for 
experiments 1 and 2 respectively. Lactating animals 
housed in the Metabolism Unit were sampled over 
four consecutive milkings. Milk was analysed for 
protein, fat and lactose concentration using a Milko- 
Scan 203 analyser (Foss Electric, Denmark). 
Refrigerated unpreserved milk was collected and 
bulked according to yield at the time of collection, 
then frozen and stored at -20°C. This was analysed 
for crude protein (N X 6.38; KS 1741 section 5 : 2 1990 
modified), casein (FIL-TDF 29: 19h4), urea by Sigma 
test kit no. 640 (Sigma Chemical Company Ltd, 
Poole) and total non-protein nitrogen (N) by a 
Kjeldahl digcstion after precipitation of protein-N by 
trichloroacetic acid. 
l / i l l 3  7ot'lg/1t\ ni ld t o i l d ~ t l o i l  \colt< An~mals were scored 
for c o n d ~ t ~ o n  o a scale of 0 to 5 to the nearest half 
point (Lowman c't 171, 1973) and weighed c~fter the 
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,ifternoon milking npproximatel~ every 4 ~z~eeks 
during experiment 1. During experimeiit 2, animals 
\\,ere scored tor c.o~lclitiol~ '1s they tvc.rc dried off, 
as the\ c<~l\,cd. 
I'nriiic. iic~riili~tiili~i. Spot urine sdmple5 of 
approxi~nately 100 rnl \verc collected by \~111\~,11 
stimulation from 'inimals housed indi\,idually at 
about 10.30 h and 15.0011 for 2 days. Tlicsc 12~c.r~ 
frozcn and stored ,it -20°C until analysed by the 
high-performance liquid chromatography mc,tl~od of 
Balcells 1.t al. (1992) for creatinine (C) and thc purine 
deri\'ati\~es (I'D) allantoin (A) artd uric acid (U).  
Stnfisticnl nrlnl!/sis 
Statistical analysis was carried out using GFWTAT 5
(Lawes Agricultural Trust, 1990), Maximum 
1,ikelihood Program (MLP; Rothamsted 
Experime1it~2l Station, 1991) and Minitab (Minitab, 
Inc., State College, Peimsylvania, USA). The data 
obtained from blood samples were analysed using 
analysis of variance with a blocking structure of 
pair]cow and treatment structure of treatment X 
(state/ sample), where state was either dry or 
lactating, and sample was one of two samples taken 
in each state. Differences in group condition score 
were analysed using the Ma~m-Whitney signed rank 
test, and differences between group live weights 
were analysed using analysis of variance using a 
blocking structure of pair/cow and a treatment 
structure of dry period treatment. 
Due to the repeated measures nature of the lactation 
data, antedependence testing indicated that analysis 
by split-plot analysis of variance was not a suitable 
test of the significance of treatment effects. Therefore, 
the results of milk sampling were analysed using 
arlalysis of variance of mean data (i.e. mean of the 
whole experiment) for each animal to give estimates 
of treatment mean effects. To obtain more 
information from the data, parallel curve analysis 
using Dhanoa's modification of Wood's curve (y = 
anU"e-"l; Dhanoa, 1981) was carried out on the same 
data set using treatment means for each sampling 
week; mean data were used since preliminary 
analyses indicated that the lack of fit error about 
fitted values was not significantly different from the 
pure error around each mean and was therefore a 
valid estimate of the error for subsecluent analyses 
(Ross, 1990). Wood (1976) showed that his curve was 
a suitable model for describing milk constituents as 
well as milk yields. However, for the variables of fat 
and lactose concentrations and protein and fat yields 
of experiment 2, where the Wood's model was not 
suitable (i.e. the model did not fit the data well), a 
straight line (y  = 11 + b r z )  was fitted. Parallel curve 
analys~s gave est~inates for treatment effects on 
change5 in lactatloi~ performance over the whole of 
Table 3 C . ~ / l c ~ i . i i i i c ~ i i i   i i i i ' i i i i  c~~i i i i i ; i i ) i i  .l,ori,, ~ I i ~ i - l I ~ i  l l i , f c ~ i ~ '  
t i i  ~ j i i i x  off, ~ I i i i i  t ! i i  , i t t i , i  ~ , I / ~ ~ I I I ; <  riiiii (11 /li'ii!\ !tii t i i t i i ~ i !  
~. p-. - - 
C'on~i~t~ol~ \c re t 
C'ontrol Suppltxrnrni<.cl 
Kctore dr\ ills of t  2-8 .?-(l 
Post rc~l\,ing I .ti 2- l 
I'cnk l a c t , j t i o ~ ~  I7  I .c) 
t Ihe1.e \\.,l\ n o  i~gniti<-,incc. o t  d~tf'l.enici hc,t\\ecm 
~ondi t i~~n x i ~ s < , i  ot g~c>upi '15 trsleci h! k/l,?li~i-\\'li~tnt~! 
signed rank  test. 
thc expcrime~it~~l sampling pttriods, i~~dic,lti\.t> of thc 
effects of treatment o n  shift displ,~cernent (Wood's 
scaling factor a cjr tlic line'lr regression !/-intercept) 
and curve shape (Wood's pdrameter 1. or thc linex 
regression slope). 
Results 
Espcriiilrilf 1 
The mean silage intake ot supplemented dry cows 
was 2.68 kg DM per day. The straw intake of these 
animals was 1.96 kg DM per day. Silage intake of the 
control dry animals could not be measured due to 
the manner in which they were housed with other, 
non-experimental animals. Conditio~i scores of 
animals shortly before being dried off and shortly 
after calving are presented in Table 3. Therc was no 
significant difference between the group mean CS at 
either time, although both groups lost 1 CS point 
during the dry period and into early lactation. Meal1 
live weights were 110t significantly different between 
the two groups of animals over the first 6 months of 
lactation (Figure 1). 
1 2 '3 1 5 6 
Month of Iactat~on 
Figure 1 lrentmellt mean live weights (with stC~nclnrd errvs 
hxs) of dairy cows during the first 6 months of  Iact'ltio~l in  
cxpcriment 1 (+-+, control cl~nimclls; 0 - - * ,  supple~liented 
with additional protcin during the dry pcriod). 
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C tin tl.ol Supplemc,ntt>ci 5 (Yi. 51gn1ticanir 
-. -. ~ - - .- 
\lilk \.IL>IL~ ( k $ / ~ i ~ )  ) 77.2 27.') 2-12 
1'1-otcln ionit~ntr;itroii (g/ l<$) 28.') -3 1 4 0.58 S * X  
t,a t coi~c'ntr,~ tion (g/l<g) 10.2 42 7 2-40 
L,li.tc)sc ionct>ntrLitron ig/l<g) 45-5 Ih.5 O.hO 
I'rotein ield (g/il,i! ) 7 "  / 8.3 8x7 (?h-2 
F J ~  \icld (g/d'iy) IOHh I I ')C) 121.6 
I~aitose \.~eld (gid,~! ) 1732 1291 9(7-5 
Mcan c3ftects o f  dry period trc,c~tnient 011 i~iilk yield 
and milk protein, f,it arid lactose conccntrations and 
yields are presented in Table l ,lnd effccts on model 
parameters are gi\,en in Tablc 5. Mean milk yiclcls 
were not ~ignific~~ntly affected by dry period diet but 
tlic shape parameters of thc models for both protein 
concentrations and yields were affected significantly 
by dry period treatment (P < 0.01 and P < 0.05 
respecti\,ely), Lactose concentrations and hence 
yields also tcnded to be higher (P = 0.051 and P = 
0~051 respectively for shift displacement). Mean milk 
vielcls, and milk protein concentrations and yields 
;,\,er the course of the first 01 weeks of lactation arc 
prcscnted graphically in Figures 2 to 4. The effect of 
dry period treatment on milk protein concentrations 
apparently lasted until approximately the end of the 
sampling period. 
No significant treatment differences were observed 
in the blood metabolic profile data except for 
albumii~ concentration which was sig~iificantly 
higher in supplemented animals (37.5 il .  39.2 g/l for 
control , ~ n d  supplemented animals respecti\/ely; 
s.e.d. 0.65; P < 0.05) and phosphorus which was 
3 L 
s~gn~f~cdnt ly  lower (1 9 i7 2 3 (S e.d 0 10) mmol/l, 
1' < 0 05) 
Table 5 t rpc , r i i~ i i~ i i t  l :  siciriiiiiii.!~ o f  si;;iiifin711c-c, i l ~ i ~ ' 1 ~  of slri7pc 
1711il i l i i f t  ~i is l i i i ic~[~~rii~ii t  ; f f i~-ts  o f  pilnrii[./ i . i / r i~ i~  iliin&sis of 
liii~tiitio~i liitii f i ~ i i o i i ~ i i l ~  d ry yc>r.iod trc.iiti~~c~iits. A si,yriific.aiit [@c-t 
iiiilii17tc.i ii s igi~!f i i ' i i~rt  cliffi.ri~ic-c iii ~ I I ( >  .;linpt, or sc.nlrur,y 
liiir.iirirc~t['rs i ~ f t i i i ,  i.iii.z1i7 ii.;c.d irl tlic, i?iini,~/si, 
Shapet Shitt displacement 
Milk J-ield (kg/d,l)) 
I'rotcin toncentrntiol~ @/kg) *' 
Fat concentr,ltion (g/  kg) 
Ldctose concentration (g/kg) 
I'rot~in yield (g/iiay) 
F,lt yield (g/clay) 
Id,ictose yield (g/day) 
Ls/x7riirrc7rr t 2 
Mean group intakc ,~ncl I'll excretion ddta for dry 
dnd lactating animals arc presented in Table 6. 
Although the dry period diet CP c~ncen t r~~ t ion  was
slightly higl~er for control dry animals it is estimated 
1 0 1  , , , , , , , , , , , , , , ( 
1 3 5 7 9 1 1  13 15 17 19 21 23 25 27 29 31 
Week of lactation 
Figure 2 Model mean daily milk yields for each dry period 
treatment, experiment 1 (+-+, control animals; 0 - - 0 ,  
supplemented with additional protein during the dry 
period). 
1 3 5 7 9 1 1  13 15 17 19 21 23 25 27 29 31 
Week of lactation 
Figure 3 Model mean milk protein concentrations tor each 
dry  period treatment, experiment l (+-+, control 'inimals; 
.- -. , supplemented with ,ldditional protein during the 
dry period). 
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Table 6 E~/icxr iiiil'iii 2 !iii,irir ~l,iii,~/ iiiiiriic3.; c)/  ~ i l i i ~ i ~  tiri i iclltii iii 11 iiiiiiii?., 1.1 iiii1, /lioii,iir ,i!iii i ~ ~ ~ ~ l ~ f l ~ ~ ~ i i : ~ ~ l ~ i i .  (,ii(.ig~/ I)/  ; ; I . I I I I ~ I - ~ ~ - ~ !  , i ! i i ! i i , i / i  
liiii.iii;< iiic' i / i . l /  111'1 ii'fi i t ? / /  l i i i i ! i i l l / 5 ~  lfiili lilil lii;: i '17i/ l /  i~7l-ii7iiilii i i ?  llliiiiilli~i ~iilii l l i i i l f !  l /  i ' \ t  i ~ ' t i O i l  (Of j l i l l i ! i ~ '  l i l ' l  i.'liil,~i', f17//~71itl'!l' - !!l 11 
iiiiiii cz\/~i~'i.-c'ii i i i  i~~lriiii~ii to c.icZiiiiiiiiii. (Ail  - ( ; 12 t~ii~iiiiil>J 
--~ ~p 
L h  k>erioii l-<it-l! lClc tLitio~-, 
P- - - - 
Dr) ~ C ' I - I O ~ I  trt,,it nic.11 t.  i c)ntr.ol ittpl>lt~mc~~itc~d ,.c.il Cont~.ol S ~ ~ t ~ p l c i i ~ ~ ~ ~ i l c ~ i  5 L, i i  
Silage> clrr- matttv. intake (kgida!) 10.0 
' l  ot'il dr! ~n'ltter ~nt,lkc> (kg!d,iv) l(] 0 
Cr~~c ic  protein intake (kg/cl,i! ) I - X  
Metaboli/,~hlc energ!, int,ll\e (iLl l/~ia!,) I 13 
Uri~i~lry ACI : C' ctxcretlon (n-imol : tnmol) I.lh 
that the supplemented cjni~nals consumed 
appro~ im~~te ly  100 g digestiblc urtdegrdcied protein 
(DUP) per day Inore than the control animals. This is 
based on assumed CP degradabilities of 0.85, 0.40 
and 0.60 (AFRC, 1992), and digestibilities of 0.75, 0.90 
and (1.60 of undegraded protein for the silage, prairie 
meal and straw respectively. Urinary PD excretion 
(AU/C) WCIS not s ig~~ i f i ca~~ t ly  different betw~ecn the 
two groups of dry animals when measured in the 
smaller subset of animals. During early lactation, no 
differences were seen in dietary intakes or I'D 
excretion from the 12 animals studied. A surnmary of 
mean CS of animals at the start and cnd of the dry 
pcriod is given in Table 7; the supplemented group 
lost a small amount of condition over the dry period. 
The mean CS of the 12 animals observed individually 
in early lactation was 2.4 for control and 2.1 for 
supplemented animals. 
(I' < 0.001 tor model shift displ,~ce~nent), c\ it11 '1 iiie,in 
of mrer 2 kg/dn! more milk during thc ~z,holt, of thc 
s;trnpling period. Milk protc,in concentr~itions Lvere 
slightly higher for supplcnicnted anim,~ls (1' < 0.01 
for model shift d i~pl~~cement) ,  so that milk protein 
yields were highly sigi~ific~jntly 11ight.r (P  < 0.001 for 
  no del shift ~lispl~~cemcnt).  Milk yiclds '~nd  tlic 
proteil~ c o ~ ~ c e n t r ~ i t i o ~ ~ s  cllid J~~CICIS for m~eeks 1 to 18 o f  
1'1ct~1tio11 are vresented i i i  Fitrures 5 to 7. No 
significant treatment differences wcre obsrr\.cd in 
milk procluction dat'~, inclucling N fractions, in the 
subset of 12 <~nimals t ~ ~ d i e d  more closely during 
Table 7 Eupc.riiiii~i~t 2: r r r ~ ~ i i i ~  c-oiiilitioir sc.orcs o~oiiiiiiir1.i i7i iliiz 
sliirt ili~ii ( , I I I /  of tlic iiril ji~~rioli 
Condition scorct 
Mean effects of dry period treatment 011 mean milk Control Supplcnwnted Signific,lncct 
yields and mean milk protein, fat and lactose At  drying off 2.9 2.6 
concentrations and yields are presented in Table 8 ~~~.~l~i~~ 2.9 2.5 
and effects on model parameters are given in Table 9. 
Model milk yields were significantly higher from the t Si~~iificaticc of clittert.nccs bc3turrt.n ce~nditirx scores of 
. - 
cows that were offered the dry period treatment groups as tested hy Mnnn-Wliitncy signed rank test. 
Table 8 rrjic~i-ii~ii'iit 2: iiii~iiiii~r!/ i!f iz'sii/ls of iiiiiiitic~ii (iiii,iiii i ~ t  
IOLY,/(S 1 to 18) c)/ 1111 i i i~ i i l i~~ i~  f l / ~ i [ l ~ i i , ~  ififfii~~iit t~12ii l~~~c7i~i< 
iliiririg tlic 1 1 r ~  / orioii 
C:ontrol S~ipplem~ntt~ci s.e.d. 
' t 
. +  
0 
Milk yield (kgldny) -73-3 ,354 I .hh 
+ 
+ Protein 
. . conceniration (g /  kg) 31-0 3 1 -2 0.h2 
S00 concentr,ltion @/kg)  45.1 44.6 I -c12 
. . 
I 3 -5 7 0 11 13 15 17 19 21 2.3 25 27 29 31 "detosC 
concentration (g/kg) 15.8 46.0 0.43 Week of 1,ictation Prott'in yield (r/J , ir  ) I071 I IOU 50-7 
, 
Figure 4 Model me,ln cidily Inilk protein yields tor each dry Pat yield (g/clay) 1505 1581 113.1 
pcriod treatment, experiment l (+-t, contl.ol animals; T.actosevield (g /Jay)  1528 162') 7') - 2 
.-P*, supplemt~nted with additional protein during the 
dry pcriod). t N o  \ignific,int trcatnient diffr.rcsncec were o h s c ~ \  cd 
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l able 9 t ~ / i i , ~ i i i i i ' i i i  2 .  ~ i i i i i i i ~ i ~ i ~ /  C > /  ~ r : : i i i t i i i r i i ~ ~ ~  1 1 , ~ ~ i ~ I ~  ot 4 1 i i / 1 1 ,  
,111,i  . i l l f /  , l l ~ / l l i ? i i ~ l l l l ~ i i t  ~ , t t i , l  t.. l i t  / I i i l i l l / i ~ !  l 1 l l ; ' r .  ! ? i i f l / i i ~ l . .  ot 
Ilii  i t i t i i r i i  , b r i i r  t01io~c.111~ f i r i i  {1c7rii1ii  l ~ i ~ i ~ i i ~ ~ c ~ i i i  ,4 s i : : i i ~ t ~ c . i i i i t  i , t t i ' i t  
~ i i , f l i , r i l ~ \  $1 . l ~ : i i l f i l l i l l t  i i l f t ; ~ i - l , i l ' l ~  I l l  t l l l ,  . l i l l / l i ~  o r  ~ l - i l l i i i ~ :  
/ J ~ U ~ I I I I ~ , ~ ~ ~ I - .  i l t  i1ri7 i - i i i i ' i 7  11sc11 11 i ! i t 3  , ? I ~ I I / ~ I . ~ I ~  
t t  Shitt dlipl,iceme~it 
hlilk !.~elJ (kg/day) 
Prott.in cc)nccntl.,ltiou (g /kg)  
F,\t concentrat~o~l (g /  kg)$ 
I .act~)sr i o n c ~ n t r ~ l t ~ o n  (g/kg)$ 
I'rotein y ~ r l d  (g/ci.iy)$ 
Fat ! i ~ l d  (g/d~!.)$ 
L,~cto\tx yield (g/~i ' i \  ) 
2 25 ;l 
1 2 3 4 5 h 7 8 ') 101112131415161718  
Week of 1,ictation 
Figure 6 Me'in ruilk protein con~en t r~~ t ions  for cClch drv 
period treatment, exprriment 2 (+-+, control animals; 
0 - - 0 ,  s~~ppleniented with ,iddition,ll protein during the 
drv period). 
e'irly lactation (07.4 71.  37.6 (s.e.d. 1.94) kg iiiilk per lower mean blood urea concentration during 
day, 31.1 71. 30.4 (s.c.d. 1.33) g crudc protein per kg lactation (2.67 v. 2.86 ininol/l), whereas the opposite 
milk, 24.2 rl .  23.2 (s.e.d. 0.98) g casein per kg, 38.5 7 ) .  trends were seen for NEFA concentrations (0.24 71. 
40.3 (s.e.d. 2.27) g fat per kg, and 50.1 v. 49.5 (s.e.d. 0.30 mmol/l dry and 0.33 zl. 0.28 mmol/l lactating). 
0.67) g lactose per kg, for control and supplemented 
animals respectively). 
The metabolic profile data ior all c~ninials during 
experiment 2 are summarized in Table 10. No 
significant effects of dry period treatment were seen 
for any of the variables. In contrast, the effect of state 
(i.e. dry or lactating) was highly significant for all 
variables except albumin and phosphorus. The 
interaction between dietary treatment and lactational 
status (not shown in Table 10) was significant for 
blood urea (P < 0.05) and blood NEFA (P i 0.001) 
concentrations. Control animals had a higher mean 
blood urea concentration during tlie dry period than 
supplemented 'lnimals (2.46 v. 2.28 mmol/l), but a 
Discussion 
Significant increases in the yields of milk protein 
were achieved by offering a protein supplement to 
dairy cows during the dry period in both 
experiments. In experiment 1, with no differences in 
milk yields, this was expressed as an increase in 
protein concentration. In experiment 2, a 
concomitant increase in milk yield resulted in only a 
very small increase in the overall concentration of 
milk protein. These effects on lactation were brought 
about by changes in the dry period management of 
the animals, since all experimental animals were 
7 ~ ' ~ ~ l l l 1 1 1 l 1 1 1 1 1 1 1 l 1 1  
1 2 3 1 5 6 7 8 9 l U l 1 1 2 1 1 1 4 1 5 1 6  1718 
Week of lactation 
Figure 5 Modcl nie~ln ddily milk yields for each dry period Figure 7 Me'ln daily protein yields for each drv period 
trc,ltrncnt, experiment 2 (+-i, control ,inim,lls; 0 - - 0 ,  treatment, cxperimcnt 2 (+-+, control animals; *--*, 
supp1ernentt.d with ,~dditional protein during the dry supplemented with additional protein during the dry 
pcriod). period). 
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Table 10 F . ~ p c ~ i . i i i i l ~ i i t  1.~ c i i i i i i i i r i i  i t  olj['c,/ of ~ ~ . ~ j ~ c ~ i . f i i i i ~ i i t i r i  f ! z~ i i i i i r t7 i f~  i i i f if  l i i i ! i ~ i c l I o q i ~ i i i  \ t i l t ( ,  i i fr-II  i ~ i .  i i i i - i i i i i i i ; ;~ i l f f  i ~ / ~ ~ o i /  i ! i~7icii i~ii i t  pi.clfr/i, 
i i i i i r l ~ j i i ~ ~  ( i t  1711 ~ i i i i i i r i i l ~  
--. pp 
111-h pcricrd tvt.atrnent 
Prot r~n (g/l)  
Albumin (g/l) 
Globuhn$ (g/l)  
Urea (mmol/lj 
Glucow (mniol/l) 
BOHR (nimol/l) 
NEFA (mmol/lj 
Mg (mmol/l) 
P (mrnol/l) 
81.6 7C)-7 H-S 87.1 
38- I 38.3 38.1 38-8 
45.5 414 17-5 48.3 
2 61 2.3 I 2.80 2-57 
4.13 4.21 3-53 ,375 
0-18 0.49 1-02 0-78 
0.22 0.25 0-36 0.30 
1 44 1.00 1-10 1-10 
2.05 1.82 l .g5 I 4 6  
t Blood samples were taken frorn control and s~cpplernented animals twice. during the clr); period 'lncl twice during 1act;ltion 
(BOHB=P-liydroxybutyrate; NEFA-non-csterfied fatty acids). Sample: I = 7 days  aftcr drying of f ,  2 - 111 day5 before call ins, 
3 = 42 days after calving, 4 = 60 days after calving. 
$ Globulin calculated as total protein - albumin. 
5 There was no significant eftect of experimental treatment. 
treated without reference to the dry period treatment 
during lactation. 
In the interpretation of the results from the present 
study, difficulties are encountered because of the 
limited amount of food intake data, particularly from 
experiment 1, because of the limited facilities 
available for the study. However, there are a number 
of ways in which the residual effects of dry period 
treatment may have been carried forward into 
lactation. Factors that have important effects on the 
dairy cow's ability to produce milk include 
seasonality effects, genetic background, food intake, 
and the nutrient supply from the animal's body 
nutrient depots (fat and labile protein). 
In this study, animals were paired according to 
calving date to compensate for the effects of season: a 
poorer diet during the winter months, day length, 
and temperature all have potential effects on milk 
yield and composition. These factors were taken into 
account by the experimental design. Genetic 
background is also an important factor, and again 
this was taken into account by design in experiment 
2 by pairing animals with similar genetic index 
scores. Preliminary statistical analysis of the data 
from experiment 1, using genetic indices and 
previous lactation records as covariates indicated 
these factors to have negligible effects, and they were 
therefore not included in the final analyses. 
rt is well established that the dairy cow mobilizes 
body fat as a source of energy during early lactation 
when food intake is not sufficient to supply enrrgy 
requirements for lactation. However, there is a 
mechanism by which food intake is infl~~encecl by the 
animal's body condition, with thinner animals 
tending to eat more than fatter aniinals (Lodge inf I T / . ,  
1975; Garnsworthy and Topps, 1982; Bines and 
Morant, 1983; Treacher et ill., 1986; Carnsworthy and 
Jones, 1987; Jones and Garnsworthy, 1988). Such an 
effect may be due to physical size restrictions in very 
fat animals, which are not applicable to the animals 
of the present study, and/or metabolic factors (Bines 
and Morant, 1983; Reid p t  ill., 1986). Howevcr, 
changes in food intake due to the small differences in 
CS in the present study are unlikely to have been 
large (Garnsworthy, 1988), although the animals may 
not have been scored for condition frequently 
enough for this to be a useful indicator of intake. In 
experiment 1, the CS values of the two dry period 
groups were no different shortly after calving and 
live-weight change during lactation was not 
significantly different between groups either, with 
only a small, non-significant drop in weight for the 
control group animals at about the 2nd month after 
calving. ~ v e n  if this initial small difference in live 
weight was biologically significant, the differences ill  
milk protein concentration lasted well beyond the 
differences in live weight. During experiment 2, the 
difference in group mean CS values rvas stati~ticnlly 
significant although numerically small (0.4 points) 
and no significant differences in food intakc were 
found in the small sample of animals observed 
during early lactation, the m e m  CS of which 'dso 
differed by 0.1 points between the two groups. 
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Iio\\.e\.e~., C"; i5 not '1 siniplc' i~inction ot thc f d t  
io~liiltio~: t Iht, ~i~lini~il ,  ,incc ~~~ ic l ' r l v i~~g  
m u ~ c ~ ~ l ~ ~ t ~ ~ r c ~  L \ . I I I  infli c~nct~ thc~ ,~pt?arent CS (&id c,t 
( l / . ,  1086). i ohs ot c o ~ ~ c l i t i o ~ ~  L>> L>otl~ g r o ~ ~ p ,  in both 
c~\pi~r.imc~n ts, indic'l t t ~  i deticienc\ of dict,ir!. c.nerg! 
illwing thi. dr! pcriod. Illis 1s ile,lr iiucc, silage. 
I I I ~ ~ I ~ ~ T  o t  the ~ ~ ~ p p l e i n e i ~ t e ~ l  ~111iln~lIi c1~11-ing the clr) 
ptxioii \ \  as iomtx 1-3 kg I)M per clcl\ lcss than 
prt,dicLed; iiniil ' lr  losxc.s of I3oii\ conditioi~ h!, tlie 
iolitrol L~nirn,ils iuggesk th<~t  sil'lge intakc, c\.en with 
the >ilcigc~ offered ill1 Iil~itliiii, ~v,is less than nc.c.deci to 
niet't ellerg) rccluircmcnts, <lnd is probablq a 
reflcxioli ot the. poor clu.iIity of the forage. 
I'l,iima BOHB i o n c c ~ ~ i t r ~ ~ t ~ o n i  hd\c been found to be 
i e n i ~ t ~ \  c. ~ n d ~ c a  t~on  of energl 11it~1kc I el'i t i ~  e Lo 
I ecluiieinc11t5 In pregn<in t, norl-lactating cattle 
(Rus5t.l 'incl Wright, 1983) In c \ p e ~ ~ m e n t  2, no 
5ignif1c~lnt reatme~it dltferences were 5ecn In plasma 
ROIlB concentr'jt~ons, '~lthougli BOHB 11iirca5ed 
during lactat~on, indicating the negatne energy 
hala11ce of thc ,~n~nia ls  at that tnlie Dur~ng 
cxper~~nent  I ,  plasma BOHB and NEFA 
contentrationi wele rel,itl\  cl^ h ~ g h  d u r ~ n g  both tlie 
dry period dnd durirlg early lactation, indicating 
neg.'iti\,e energy bC~lc~iice ot the animals during both 
pmiods leading to the loss of condition during tlie 
dry period/carly lactation. Again, however, there 
was 110 difference due to treatment and therefore 
probably little difference in dietary energy supply 
bctween treatinents during early lactation, 'dthough 
it is not certain that the c~nalyses of tlie plc~sma 
nietabolitcs were sensitive enough, or samples taken 
frc~cl~~ently enough, to be concl~~si\,e. 
Since there arc limited data to suggest otherwise, it 
could be assumed that food intake during lactatio11 
~ ~ ~ 1 s  altered in response to dry pcriod treatment, and 
this was the cause of the effects seen on milk 
twod~~ction. For this to have happened, the c~nimals 
would have haci to increase their consumptioi~ of 
silage, since concentrate rations were fixed. Changes 
in milk comwosition would then lia\,e been ex~7cctt.d 
- incredsing forage intake tends to increase inilk fat 
t~roduction (Thonias and Martin, 1988; Sutton and 
Mordnt, 1989) but reduce milk protein concentration 
(Macleod c7t ill., 1983; Tessmaim ~ , f  ill. ,  1991; IlePeters 
and C,int. 1992). Milk fat vield was indeed seen to 
increase. by approxinidtel y 100 g/day froin the 
supplerncnted ,inimals in experiment l, suggesting 
increased encrgy intake. Milk protein production is 
also sensiti\,e to ch;ui~ges in cncrgy intake anci protein 
\/it.lds were also increased from supple~nented 
,iniinC~ls in experiment 1, dlthougli this would not 
gener'11ly be rxpected 'IS ,I result of increased silage 
intake alonc, partic~~larly since the milk yields of the 
twro g r c q s  were unatfcctcd by tlie dry period 
trct,itnlent. It energy intake 1 ~ ~ 1 s  increased by 
i~lcre,iscs in sil,igc, int,lkt, 1)). thc~ supplemented 
,in1 rii,~ls during 1~1ct~lti~111, ~t ih ~ o ~ i s i i l ~ r c ~ i i  11nlikc~1~. 
th'lt tliis tactor 12,,1s the mrliii cc>Llse o f  t h ~  cttcXcts een, 
and LIiat somt. other tactor Lvas 'lcting to comycnsatc 
tor tlie dctrimc'nt,il effc,ct th,it incre,lsecl sll'ige inl,iltc 
\\,oulci ha\^ (>I-\ milk prc~tcin concentr,~tiol~. 
D~tttary protcill Intake c ~ ~ n  h'1L.e ob\.io~lslq. ilnport,int 
cftccts on nlilh protein production. The ~najor source 
ot protcin ohtainecl hy the ,111irnal troni sil,igc is 
through 'ilpt~~re of  runicn degrad,lblc nitrogen into 
microbial protein. Because dietary ilucleic acids are 
rapidly degraded by rumen microbes (McAll,~n ,ind 
Smith. 19731. tlie 1'Ll excreted in the ~ ~ r i n e  of 
ruminants rcsult mainly from the degracldtion and 
'ibsorption ot nucleic acids of microbial origin 
(McAllan, 1982). Therefore, the excretion of I'll in 
urinc can be used as an index of microbial protein 
yield, and relative comparisons can be niacle using 
thc concentration of creatinine (de (;root and Aafjes, 
1960; Albin and Cl'u~ton, 1966) in spot urine samples. 
111 tlie present studies, no differences in PD excretion 
were seen betwcen treatments either during tlie dry 
period o r  during early lactation, suggesting that the 
supply of microbial protein to the animals was not 
<~ffccted by the dry period treatments. Howe\,ei-, 
there was 110 significant effect of dry period 
treatment on  the food intakes of the 12 animals used 
to measure PD excretion and these animals did not 
exhibit the same inilk production characteristics of 
the main group, i.e. there was no significant effect of 
dry period treatments oil yield or composition of 
milk from those anirnals. Whether or not dietary 
protein supply differed between the two main 
groups of animals in experiment 2, and therefore i f  
tliis could have been a factor which influenced milk 
co~npositions in the larger groups of animals, t l~us  
remains unresolved. 
In the same way that body fat acts as a source of 
energy, body proteins may be used as a source of 
amino ,~cids. The concept of  bociy protein 'reserves' 
is contentious, although Swick and Benexrenga (1977) 
point out that body protein synthesis in the dairy 
cow is sensitive to nutritional status; protein 
accretioi~ in skeletal muscle occurs with excess 
protcin intake, whereas repartitioning of tliis protein 
occurs with an inadequate protein intake. Work with 
rats (Pine r t  ill., 1994) has highlighted the potential 
importance of maternal body protein in the support 
of lactation, since r,~ts given n high protein diet were 
able to lactate fix about h days after being switched 
to a protein-free diet post partum, whereas those 
niainkinecl on a low troteir; diet pre-pc3rtuni were 
unable to do this. Van Saun c7t 01. (1993) obtained a 
significant increase in milk protein concentration 
similar to thc results of experiment 1 of the present 
s t ~ ~ d y  b  feeclin:; first lactation heifers increased 
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le\,els ot rumen undcgraclable protein for 3 Lveeks 
before ~ . ~ ~ l v i n g .  ' l  lie! suggested that tlic pro\,iiion of 
supplcrnental rumen undegrxlablc protein cl~~ring 
the last stdges of pregnancy spared tht) use of 
mater11'1l body protein ~ ~ l i i c h  wrcls othcr~vise bring 
rnobili~cct to support foetal growth. Hook c2 t  111. (19x9) 
similarly gave d,liry cows increased Ir\ cls of ruillen 
undegradable protein before c,~lving, and found n o  
difference in cdlf ~ ~ e i g l i t ,  c l l t h ~ ~ ~ g h  '1 subseq~lent 
proportional increase in milk yield of 0.084 was 
'~chie\,t.d. This was comparable to thc i ~ ~ c r e ~ ~ s e  in 
milk yields seen in experiment 2 of this study (a 
proportional increase of 0.1 1) .  
It is not clear what the body protein status ot a 
typical high yielding dairy cow at tlic end of 
lactation is, and ~rhetlier, therefore, the animal 
would respond to an increase in supply of DUP 
during the dry period by accreting ally 'extra' dietary 
protein as body tissues. If the level of dietary protein 
supply is sufficient to support foetal growth and 
other peripartum protein requirements such as 
mammary development, it is generally considered 
that there is unlikely to be any net benefit in the 
provision of extra DUP to the dry cow. Sykes (1976) 
found blood albumin levels to be a good indicator of 
the protcin 'reserves' of sheep, and Payne r t  al. (1 974) 
found a positive correlation between blood albumin 
concenkation and milk solids-not-fat concentration 
in a study of 191 dairy herds. In the present study, 
the ~ l a s m a  albumin concentration in the control 
group of animals during experiment 1 was lower 
than that of the supplemented group, particularly in 
late pregnancy and early lactation. This suggests a 
general decrease in body protein content. There was 
no difference in blood albumin concentrations 
between the two dry period groups in experiment 2, 
and similar concentrations of milk protein and 
lactose were observed, in accordance with the earlier 
findings of Payne et al. (1974). 
In both this study and that of Van Saun ' t  01. (1993), 
the protein concentration of the milk from control 
animals was comparatively low compared with that 
which may be expected during the first 6 weeks of 
lactation. There are a number of mechanisms by 
which body protein may influence milk production. 
The first, suggested by Van Saun et ill. (19931, is a 
direct repartitioning of body proteins as amino acids 
from, for example, uterine tissues in early lactation 
or skeletal muscle, to the mammary gland for milk 
protein synthesis. One can speculate that the 
availability of certain amino acids from body tissues 
may compensate for limiting quantities of specific 
dietary amino acids. If amino acids are not being 
mobilized to contribute directly to milk proteili 
production, the presence of a larger body protein 
Inass may contribute to a greater flux of nutrients 
tocvards milk production. \Nilhon 1.t (11. ( l c ) X l i )  
clemonstr,ltcd th,it in clc~rl\ I,~ctatioli prciportionatc.I\ 
up to 0.34 of tlir carbon in cascin passes througli 
body protc.inr, indicating '1 possiblcx r G i o  of hc)il! 
protein in support ot lactation. The, ci,it,i of the 
present study do not indicate, l io~z the extr,~ protei~i 
supplit>~l to the ,inimdls d ~ ~ r i n g  the dr! period m,~! 
have btvn used by them, although it is intt,rcsting 
tliat t h ~  r e s p ~ ~ i s ~ s  I<~sted tor se\,er<il months of 
lactation - longer than m y  p t ~ t d t i \ ~  e l i f f e~ .e~ ic~~  ll 
body protein content betwt.t.n the control ; ~ n d  
supplemented c~nim,~ls  are likely to li'~\.e existed. 
Cli,~nges in rn'linmar!, g1.111d de\~c~lnprnent during 
late pregnancy and early Idctcltion lia\.cs been 
suggestccl by other groups as CI potential cause for 
differences in lactation prrforniancc. in anim,lls 
treated to alter endocrine profiles d ~ ~ r i n g  late 
pregnancy (Chew L+ ill., 1984a; Stelwagcn id., 1992). 
Howe\,er, neither of those groups actually measured 
differences in mammary de\~elopment; similarly, 
without observations to suggest otherwise, the 
present results may I~ave been in fl  uencecl by 
differences in mammary development mediated 
through the dry periocl treatments offered tc, the 
animals. 
Regardless of the exact mechanisms by ~7hicli the 
present results were mediated, it is suggested that 
the control animals of experiment 1 may have 
represented a problem area iii terms of dry cow 
management which the protein supplemented dry 
period treatment rectified or prevented - a better 
control management system in experiment 2 meant 
that similar results were not obtained. 
Collclusiorl 
An increase in the milk protein yields from dairy 
cows was achieved by the provision of a dry period 
diet that consisted of restricting their energy intake 
and increasing their DUI' intake. In experiment I ,  
this seems to have prevented ,l decrease in the 
protein concentration of milk, possibly rectifying a 
problem in the ~~ianagement o f the animals when 
dry. One mechanism by which this may have been 
achieved is by altering the labile body protein status 
of the animal, with the supplemental protein 
minimizing the mobilizatioi~ of maternal protein 
reserves in support of foetal growth, and therefore 
allowing their use in support of l'ictation. Further 
work is currently in progress to in\.estigate this 
hypothesis. 
Acknowledgements 
We are grateful to Mr J. McAuslnn and the staff ot t l ~ c  I,~irv 
unit at Aucl~incrui\c  for the care of the animals, to Ur J. 
Dixo11 and his staff for hclp with feed nn,ilyscs, to Dr 
M. N. 1. tiarclrl!1 arid her staff for milk ,inaly\cs rind to MS A.  
Scvord, M r  M.  S. Illianocl '~nd M r  T. 1'ottt.r tor ~ t ~ ~ t i s t i ~ - , ~ l  
2 12 Moorby, D e w l ~ u r s t  and Marsden 
i I I i t  l i I i t l l  ackno\vltdge\ Cowan, R. T., Reid, C,. W., Greenhalgh, J .  F. D. and Tait, 
I I i  it o n  i t  ~ L I L  L S C. A. G. 1981 Fttecth of feeding Ic\,el in 1,1tc ~ ) I - c ' : ; I ~ ~ I ~ L ?  dnci 
t c . i ~ > i \  c,. t ~ n a n c ~ ~ l l  iup~xwt  i t - c i t r ~  Tlic Scc)tt~\Ii Office diet'iry protein ioncc~ntr,ition during earl! lactation o n  food 
~ ' ; I . I c I I ~ ~  I I I - C  r ~ t i ~ j  t'~ilic,l.ie\ I ) e p ~ ~ i t ~ t ~ i i i ~ ~ ~ t  int'ikt., rn~lk ~elei, lir e\vergl~t ch,~nge nnii nitrogen b,~l,lnce 
of co~vb. liriii-iiiii [ i f  Lliiir!~ Ri~~i~iiicli 48: 201212. 
References 
Agricultural and Food Rese.~rch Council. 14iJ1. I ~ ~ i h ~ i i r a l  
i ' i i rn~ii~ttr t~ cin l<~~spon\ t~\  to Uutritxnt\ lieport no. 0. 
U~~tr l t i \c '  r e ~ j ~ ~ ~ r t ~ m e n t b  ot rutiiind~~t L~~iilllal\: protc'i~i. 
"citi.rtiiiii l l l ~ i i i i i  t ,  iiiiii I<i,i'ii~ii~~, Si2iii,\ H 62: 7IIT-S:'i. 
Albin, R. C. and Clanton, D. C. ILJhh. t"lctors contributiny: 
t t ~  tlit> < i ~ - i ~ ~ t i o ~ i  i ~ i  ~ r i n d r )  creatini~ic~ < I I ~ L ~  c rv~~t i~i i~iv-  
nitrogcil ~.,itio\ In beet cattle. loiiriiiil of ,/\iiiir:iil Sc.ii.iicc, 25: 
In;-l 12. 
Alexander, R. H. 14(10. The. c.it,~hli\hment ot a I;ibor,itory 
procrciurc. tor tllc. 'in vitro' dt~tertii~u,ltion of digi%stibilit) 
1Yt~t of Sc.i~iiiiiiii A;;/ ic-iiitiiriii C:olli~~;i~, ri~sc~iirc-11 l~iiiic~tiii 110. 42. 
Alexander, R. If., Dixon, J. and McGowan, M. 1985. 
Introci~lction c i t  I.C.I'.I\.E.S to C ~ I I  ,~gricultur,ll Iabolatory. TIic, 
Siii'i iiiiist, L)ic~'rriiicv. l!18,5. Thermoelectron Ltd, Warrington, 
U K .  
Balcells, I., Guada, J. A., Peiro, J. M. and Parker, D. S. 
IC192. Sirnult,lneous deter~~iin~ition of allantoin and 
oxyp~~rines  in biological-fluids by high-perform,ince liq~lid- 
c.111-omcitographv. /oiri.iliil of Ciii.oiiiirtc~~yi~iipi~~j - Rioiiicdic-ni 
Ap)~/iii?l~oil.i 575: 153-157. 
Barnes, D. M. and Brown, D. L. 1990. T'rotein I.fscr\,rs in 
l,ict,iting goats. Sririiil R~rirriiiiii~t Rcsc~iir.c.11 3: 1'1-24. 
Belyea, R. L., Frost, G. R., Martz, F. A., Clark, J. L. and 
Forkner, L. G. 1978. Body composition of dairy cattle by 
pot,lssium-40 licl~~id scintillation detection. Jorirrliil of Lloir!! 
Scit,irii~ 61: 206-21 1. 
Bines, J. A. and Morant, S. V. IC)80. The effect of body 
~.ondition on metabolic clialiges ,issociated with intake of 
food by the, cow. Hritisii /oi/riiii/ i$.Niit~.iti~ii 50: 81-89. 
Botts, R. L., Hemken, R. W. and Bull, L. S. 1979. I'rotrin 
reserves in thc lactating dairq c(>\\. /oliriiiii of Dt7irll 5c.iriic.c~ 
62: 1.3.3-440. 
Broster, W. H. 1971. I'lic etfect on milk yield of the cow of 
level of feeding before c'ilving. Dnir!! Siic,irc.c' Ahqtnict 33: 
250-270. 
Broster, W. I f .  and Broster, V. J. 1984. IZeviews ot thc 
progress ot dairy science - long-term effects of n~~tr i t ion  
on the perlorinance ol the d'iir) cow. /oiiri:iii i!f Diiiry 
R~~si~irrc.ii 51: 149-196. 
Chew, B. P., Eisenman, I. R. and Tanaka, T. S. 1984a. 
Arginine infusion stimul,~tes prol,ictin, gro\vth hormone, 
instllin, and subsequent lactation in pregnant d'liry cows. 
/i~iir-iiiii of Lliiirkl Si~ic'ricc~ 67: 2507-2518. 
Chew, B. P., Murdock, F. R., Riley, R. E. and Hillers, J. K. 
1984b. Influence of preparturn dietary crude protcin on 
growth liormonc insulin, reproducticin, and Iact,ition of 
dairy cows. /oiiriiii/ of Diiir!l Sc.ii~iic.~~ 67: 270-275. 
Chilliard, Y. and Robelin, J. 1983. M ~ b i l i ~ d t i o ~ i  f body 
priiteins by c>'irly I'ictating dairy co\vs rueasured by 
slaughter and DJ) t'chnirlues. Proc.c~c~diii:;.: of tlii. /i~o.llr 
~iili~riiiili~i~~iii s )~o~iiiiii o l protciii iiic~tiii~ci/isiii iitd i~iitritii~i~, 
C'1c.i-iiroirt-fc~rr~iiiif (Friii~c'c~). l N R A  piiblic.iitii~ii, 1'18.3, I1 (1i.s 
C.oi~i111iii~~ ( f i ~  1iNi<A, iio. 16) .  p}>. 1'15-198. 
Davenport, D. G. and Rakes, A. H. lL)(79. Ettc-cts (it 
prep.irtum teecling l c ~ \ c , 1  .lnci hoci~ ron~iit~iin on the 
p(>stp~irtuni perlormanct~ of dairv cox\-S. loiii.iilii of L)iiii.!/ 
Scii>ii~c, 52: 1037-1011. 
DePeters, E. J. and Cant, J. P. 19')2. N u t r ~ t i o n ~ ~ l  t,lctors 
rnflnt>ncing tlie nltr(1gc.n cornpo\ition ot bovinr milk: ,i 
rc\  CM . /oiii iiiil 111 Diiq S<i?ririz 75: 2043.2070. 
Dhanoa, M. S. l981 A note on ,in ,ilternntlve form ot  tlie 
lactatinn model ot Wood. Aiiiriiiil i'r-oiiiiclioii 32: 319-351. 
European Economic Community. 1971. Ihe tecdingstutfs 
(sa~npliiig t:n~id 31l'dyis) regi~lati~i~is.  EEC dir'c./it~~~ 71/250/ 
CCC. C)fficiiii joiiri~iii 110. L 15.5, 12.7.71. 
Fronk, T. J., S h u l t ~ ,  L. H. and Hardie, A. R. 1980. Effect of 
dry period overconditioning on subsccluent metabolic 
disorders and perform'lncc of dairy cows. /oicrriiii of Diriry 
Sriiziiiiz 63: 1080- 1090. 
Frood, M. J. and Croxton, D. 1978. 'I'he use of condition 
scoring in dairy cows and its relationship with milk yield 
and liveweight. Arrirrriil Pro~I~ictioil 27: 285-291. 
Garnsworthy, P. C. 1988. The effect of energy reserves at 
cal~ring on performance of dairy cows. In Nutritioii niicl 
lnctntioil iii tllr' ~fniry C O ~ ~ J  (ed. P. C. Garnsworthy), pp.157-170. 
I3utterwortl1s London. 
Garnsworthy, P. C. and Jones, G. P. 1987 The ~nfluence of 
body cond~tlon at calving and d~etary  protem supply 011 
voluntary food ~ntdkc  and performance Ailinull Prodlrc tiaiz 
44: 347-353 
Garnsworthy, P. C. and Topps, J. H. 1982. The effect of 
body co~idition of dairy cows at c,ilving on tlieir food int'ike 
'ind performance when given complete diets. Ariirnnl 
I'roduc-tioii 35: 113-1 19. 
Gibb, M. J., Ivings, W. E., Dhanoa, M. S. and Sutton, J. D. 
1992. CIhanges in tlie body components of autumn-calving 
Holstein-Friesian cows over the first 29 weeks of lactation. 
Aniiniil Prot11ic.tioii 55: 339-360. 
Groot, T. H. de  and Aafjes, J. H. 1960. On the constancy of 
creatinine excretion in the urine of the dairy cow. Kritisli 
Vcic~rirlirr,t! Joirrrml 116: 409-418. 
Holter, J. B., Slotnick, M. J., Hayes, H. H., Bozak, C. K., 
Urban, W. E. and McGilliard, M. L. 1990. Effect of 
prepartum dietary energy on condition score, postpartum 
energy, nitrogen partitions, and lactation production 
responses. [i>~irirfll i!f Dniry Si-ii~izci~ 73: 3502-35 1 I 
Hook, T. E., Odde, K. G., Aguilar, A. A. and Olson, J. D. 
1989. l'rotein etfcCts on  fetal growth, colostr~rm and calf 
iiiirn~~noglobulitis ,111d lactation in dairy heifers. ]oliriiiii of 
Arlirriiil ~cic,ilic> 67: (suppl. 1 )  539 (abstr.). 
Jaquette, R. D., Rakes, A. H. and Croom, W. J. 1988. Effect 
of body condition and protein on milk fat depression in 
e x l y  Iactc~tion in dairy cobvs, /oirririii of Diliry Sc.irrrrr 71: 
2 123-2133. 
Jones, G. P. and Garnsworthy, P. C. 1988. The effects of 
body condition at calving and dietary protein contcnt on 
dry-matter intake and pcrformance in lactating dairy cows 
Protein i n  the  d r y  period of da i ry  cows  21 3 
given diets ot lo\r energ!- content. Aiiiiiriil Pi.oiiiiitii~ii 47: Swick, R. W. and Benevenga, N. J. 1977. Labile protein 
'32 1-33. ~-c~er \ ,es  and protein t ~ ~ r t ~ o \ t . r  loii iriii of L71iir.11 Si-ti'ri~.~' 69: 
Lawes Agricultural Trust. 1990. C;?iistiit i i.izf;.r.i,iiciz riiaiiiiiil. 5U5-515. 
C1,lrenJon I'rcss, Ortord Sykes, A. R. 1976. A n  assessment of the \,alur ot plC~snin 
Lodge, G. A., Fisher, L. J. and Lessard, J. R. 1975. Influence 
ol pt-cpartum teed intake on perform,lnce ot cows fed ad 
liblt~lrn during lnct,ltion. [oiir.i~ii/ ~ f  L?oi~'!/ Sc.iciii-cz 58: 696-702. 
Lowman, B. G., Scott, N. and Somerville, S. 1973. 
Condition scoring of cattle. Riilli~tiit ~!f thr Tiist I I ~  Siotliiii~i 
C~ilI~~~yc~ of R:;i.ii.iiltirrc., iio. 6. 
McAllan, A. B. 1982. The fate of nucleic acids in ruminants. 
I'rocectiiiigs ofthp Nirtritioir Socirll/ 41: 309-317. 
McAllan, A. B. and Smith, R. H. 1973. Llegradation of 
nucleic dcid derivatives by rumen bacteria in vitro. Hritislr 
/orlriial o i  N~itritioil 29: 467-474. 
McDonald, P. and Henderson, A. R. 1964. Uctermination 
of water-soluble carbohydrates in grass. /c~iiriiii/ of thr, 
Scriwcc, of Food ilrrii Agricu1tiir.i~ 15: 395-398. 
Macleod, G. K., Grieve, D. G. and McMillan, I. 1983. 
Performancc of first lactation dairy cows fcd complete 
rations of several ratios of forage to concentrate. /oiiriial of 
Duiry Scieilct' 66: 1668-1 674. 
Ministry of Agriculture, Fisheries and Food. 1992 
Predict~on of the energy values of compound feedmg stuffs 
for farm animal5 Suiiirriury of the tt~~on1m~ndatron5 I$ a 
ivorkrng putty \portiored by the Minlqtry of Agrrc~rlturr, 
Fiiho ii.5 ntiii Food 
Payne, J. M., Dew, S. M., Manston, R. and Faulks, M. 1970 
Thc u5e of a metabolic profile test In d a ~ r y  herds Vctetlnnry 
Rl'~or~i 87: 150-158 
Payne, J. M., Rowlands, G. J., Manston, R., Dew, S. M. and 
Parker, W. H. 1974. A statistical appraisal of the results of 
the metabolic profile tests on 191 herds in the BVA/ADAS 
joint exercise in animal health and productivity. British 
Vctc~rinary louriial130: 34-44. 
Pine, A. P., Jessop, N. S. and Oldham, J. D. 1994. Maternal 
protein reserves and their influence on lactational 
performance in rats. Britisli lc~urnal of Nutritioii 71: 13-27. 
Reid, I. M., Roberts, C. J., Treacher, R. J. and Williams, 
L. A. 1986. Effect of body condition at calving on tissue 
mobilization, development of fatty liver and blood 
chemistry of dairy cows. Aiiirnul Production 43: 7-15. 
Ross, G. J. S. 1990. Nonliirmr estintntiorl, pp. 159-160. 
Springer-Verlag, New York. 
Russel, A. J. F. and Wright, I. A. 1983. The use of blood 
metabolites in the determination of energy status in beef 
cows. Arzirtznl Production 37: 335-343. 
Stelwagen, K., Grieve, D. G., McBride, B. W. and Rehman, 
J. D. 1992. Growth and subsequent lactation in primigravid 
Holstein heifers after prepartum bovine somatotropin 
treatment. /o~~rnizl of Diriry Sciriice 75: 463-471. 
Sutton, J. D. 1984. Feeding and milk fat production. In Milk 
corripositioi~izl ytlality arid its irrtportnrtce irz f ~ l t u r ~  marki.t$ (ed. 
M. E. Castle and R. G. Gunn), Rritisli Society of Anirrrizl 
Prodrrctioii, ocuisioital ~rr~blicntion no. 9, pp. 43-52. 
Sutton, J. D. and Morant, S. V. 1989. A review of the 
potential of nutrition to modify milk fat and protein. 
Lir~i.st0c.k Prod~iction Sciriicf~ 23: 219-237. 
~lrea nitrogen and albunlin concentr~tions 3s monitors of 
thc protein stnt~rs of sheep. In 'Tlit, ilsc of blooii ritc~tni~olitc~~ i i i  
i~i~ittiiil p~r.(l~iiii.tiori (d. D. Lister), Rri/is/t So~-rt,ty of A17ii11171 
/'rod~~i.tiott, ~ l ~ ~ ~ l i ~ t l ~ l 1 l i /  )~lii7/ici7tillil 1111. 1 ,  pp. 143-154. 
Tessmann, N. J., Radloff, H. D., Kleinmans, I . ,  Dhiman, 
T. R. and Satter, L. D. 1991. Milk production response to 
dietary torage : grain ratio. /ottrital of Dniry Scic.iin, 74: 
2696-2707. 
Thomas, P. C. and Chamberlain, D. G. 1982. Sil'lge as n 
foodstuff. In Silii~cjor iiiilk pi.oilrii.tion (ed. J .  A. F. Rook and 
P. C. Thomas), Nirtiorti~l lilstitlrte f i~ r  R~s~nrcli iil L?i7ir!/irt,y. 
tc~-hiric[il biillrttr~ iio. 2, pp. 63-101. 
Thomas, P. C. and Martin, P. A. 1988. The influence of 
nutrient balance on milk yield and composition. 111 
Niitritioii ~li1iI lnctntic~ri 01' tht~ dair!~ c.oii~ (ed. P. C. 
Garnsworthv), pp. 97-118. Ruttt,rworths, London. 
Thomas, P. C., Robertson, S., Chamberlain, D. G., 
Livingstone, R. M., Garthwaite, P. H., Dewey, P. J. S., 
Smart, R. and Whyte, C. 1988. Predicting the metabolisable 
energy (ME) content of compounded feeds for ruminants. 
In R ~ c w t  izdaizrtces iii aizinzal irutrition (ed. W. Haresign and 
D. J. A. Cole), pp. 127-146. B~ctterworths, London. 
Tilley, J. M. A. and Terry, R. A. 1963. A two-stage 
technique for the 'in vitro' digestion of forage crops. ]ouriral 
of tkc~ British Gr~zssla~id Society 18: 104-11 1. 
Treacher, R. J., Reid, I. M. and Roberts, C. J. 1986. Effect of 
body condition at calving on the health and performance of 
dairy cows. Aniiilu1 Productiorl 43: 1-6. 
Van Saun, R. J., Idleman, S. C. and Sniffen, C. J. 1993. 
Effect of undegradable protein amount fed prepartum on 
postpartum production in first lactation liolstein cows. 
lo~irnal of Dair,y Science 76: 236-244. 
Van Soest, P. J., Robertson, J. B. and Lewis, B. A. 1991. 
Methods for dietary fiber, neutral detergent fiber, and 
nonstarch polysaccharides in relation to animal nutrition. 
lournal of Duirjy Science 74: 3568-3597. 
Van Soest, P. J. and Wine, R. H. 1967. Use of detergent in 
the analysis of fibrous feeds. IV. Determination of plant cell 
wall constituents. /i~urnal of tht, Associntiotl of C)fficiizl 
Arznl,~/tical Chmlists 50: 50-55. 
Wainman, F. W., Dewey, P. J. S. and Boyne, A. W. 1981. 
Third report of the Feedingstuffs Evnluntion Unit. Iiowett 
Research Institute, Aberdeen. 
Wilson, G. F., Mackenzie, D. D. S., Brookes, I. M. and 
Lyon, G. L. 1988. Importance of body tissues as sources of 
nutrients for milk synthesis using ''C as a marker. British 
lournal qf Nl~tritiori 60: 236-244. 
Wood, P. D. P. 1976. Algebraic models of the lactation 
curves for milk, fat and protein production, with estimates 
of seasonal variation. Ariitnal Production 22: 35-40. 
(Rrccivrd 1 1 jaizniiry 1996-Accrpte~i 29 May 1996) 
